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Abstract: Orange by-products are an excellent source of dietary fibre. The main objective of this work was to compare the physico-chemical and technological properties of fibres obtained from orange by-products by applying two different drying methods: hot air (HAD) and hot air coupled with microwave drying (HAD+MW). Process efficiency was also compared. 92 % reduction in processing time and 77 % reduction in energy consumption was achieved with HAD+MW. The drying treatment did not affect the physico-chemical properties of the fibres; however, the shrinkageswelling phenomena that occurred during drying changed the rehydration properties of the fibre. HAD mainly affected the mechanical energy whereas HAD+MW affected the surface tension. An increase in particle size due to an increase in porosity during HAD+MW improved the fibre swelling capacity. HAD + MW can reduce drying time resulting in a more efficient drying process that positively affects the orange fibre's technological properties. 
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Introduction
74
One important source of citrus dietary fiber is the residue generated by the orange juice 75 industry (Fava et al., 2013; O'Shea, Arendt, & Gallagher, 2012) . The ability to swell 76 after water absorption is the principal physiological effect of fiber. The physico- 
80
The main disadvantage of conventional hot air drying (HAD) is that it takes a long time,
81
even at high temperatures, which in turn may cause serious damage to the product's 82 quality attributes, such as flavour, colour, texture, nutrient status and beneficial health 83 substances (Nijhuis, Torringa, Muresan, Yuksel, Leguijt, & Kloek, 1998; Tsami, Krokida, & Drouzas, 1998 
Results and discussion
208
The basic composition of the citrus fibres obtained in this study is shown in Table 1 .
209
There were no significant differences in water, protein, fat, ash, sugar or carbohydrates at 15ºC (h amb ) per kg of dry air ( '). The total energy consumption of microwaves was 255 calculated as the total microwave power applied (W) per kg of wet product (M 0 ).
256
As air is a homogeneous mixture of dry air and water vapour, the enthalpy of hot air is 257 found by taking the sum of the enthalpy of dry air and the enthalpy of water vapour in 258 the humid air. The specific enthalpy of dry air is the total of the specific heat of dry air 
267
It was possible to calculate the specific enthalpy of ambient air and drying air (h amb and 268 ℎ , respectively) by assuming that the absolute moisture of ambient air ( ) is equal 269 to the absolute moisture of drying air at the beginning of the drying process ( ).
270
Finally, the mass of dry air (M') was calculated from the mass of humid air ( ) and its 271 absolute humidity ( ). Also, is a product of air density ( ), air velocity ( ) Table 3 showed that at higher microwave levels, the time needed to reach different kg w /kg T was achieved, whereas only 9.6 min were needed drying by HAD+6 W/g to 283 reach the same moisture content, which represents a 92 % reduction in time.
284
The process yield was 125 g fibre/ kg of fresh by-product. In order to study the expansion effect of microwaves on the tissue of orange by-300 products, particle size distribution was measured in dried samples after milling. 
307
This could be explained due to the expansion phenomena that occurred during 308 microwave drying, in which the samples swelled and increased their particle size.
309
Talens, Castro-Giráldez, and Fito (2016b) showed a swelling in volume variation of 310 orange peels treated by HAD+MW at different power intensities at both the 311 macroscopic level and in micrographies.
312
Powdered samples were hydrated and the particle size was measured again (Table 4) . 
320
WRC is the most common parameter used in the industry to characterize the rehydration 321 capacity of fibre. It is also related to the physiological function of dietary fibre. Table 5 shows the results for the hydration properties measured. There were no significant 
355
In contrast, HAD fibre showed a stronger structure. This fact can be seen at higher 356 stresses when the structure is broken. The stress needed to collapse the system was 357 higher for HAD samples. Figure 5 
